Abstract. Understanding how the genomes of viruses mutate and evolve within infected individuals is critically important in epidemiology. By exploiting knowledge of the forces that guide viral microevolution, researchers can design drugs and treatments that are effective against newly evolved strains. Therefore, it is critical to develop a method for typing the genomes of all of the variants of a virus (quasispecies) inside an infected individual cell.
Introduction
Many viruses found in nature encode their genomes in RNA rather than DNA. While the problem of sequencing an organism's DNA is well-studied, sequencing RNA viruses presents its own unique set of challenges. Perhaps the biggest challenge associated with sequencing RNA viruses is that they lack DNA polymerases and are unable to repair mistakes in their sequences as they reproduce. Over the course of infection, the mistakes made in replication are passed down to descendants, producing a family of related variants of the original viral genome referred as a quasispecies.
The allele frequencies across all of the quasispecies in an infected individual may drift significantly. Among all of the new quasispecies produced, some may be more virulent than others. Thus, it is of epidemiological interest to identify common characteristics of virulent quasispecies to aid in the design of effective drugs and treatments for the disease that the virus causes. This paper is devoted to the problem of sequencing of all quasispecies inside a patient based on 454 Lifesciences system. 454 Lifesciences system is one promising technology that may prove useful for sequencing quasispecies. It is a massively-parallel pyrosequencing system developed by biotechnology firm 454 Lifesciences for DNA sequencing. Briefly, the system fragments the source genetic material to be sequenced into pieces approximately 100 bp long called reads. Each read is sequenced and the original genome is reconstructed via software. Since this system was originally designed to sequence genetic material from a single organism, the software assembles all of the reads to a single genome. In order to use it for sequencing quasispecies, new software must be created that can also correctly distribute reads between multiple quasispecies.
Informally, the Quasispecies Assembly problem can be stated as follows: Given a set of reads taken from a single specimen, determine how many quasispecies are present and what are their sequences.
Quasispecies Assembly is related to several well-known problems: DNA fragment assembly (see e.g., [2, 5, 6] ), haplotype assembly [3], population phasing (see e.g., [7] ) and DNA finding in a mixed environment (see e.g., [15] ) . Indeed, the fragments (reads) should be assembled into a long genome sequence although it becomes a lesser challenge since consensus genome sequence is already available. In [2], a network flowbased approach is presented which bears similarity to the approach adopted in this article. A plausible reduction genome sequencing is as follows: place all quasispecies genomes back-to-back in a long sequence and treat common segments as repeats. Quasispecies Assembly is very close to the haplotype assembly problem where fragments are given from two different haplotypes of the same diploid organism and the goal is to correctly attribute segments to one of these two haplotypes. Unfortunately, the proposed solution methods are not scalable with respect to the number of haplotypes per individual and this is critical since in a specimen there are hundreds or even thousands of different quasispecies. Therefore, one can find similarity with the population phasing problem where multiple diplotypes (mixtures of two haplotypes) are given and it is required to identify underlying common haplotypes and their frequencies. Finally, it can also be viewed as variant of the newly-arisen problem of finding and distinguishing all the different species in a given DNA sample -but in our case, the complicating factor is that the sequencing of different quasispecies are very similar to each other.
Our contributions are the following:
-Several optimization formulations for Quasispecies Assembly and its different versions. -Estimation of the probability that two overlapping read belong to the same quasispecies. -A network flow based method for solving the quasispecies assembly problems.
-An efficient and scalable implementation of the proposed network flow methods. -Application of the network flow method to the set of simulated reads drawn from 44 quasispecies in the E1E2 region of Hepatitis C Virus.
In the next section we give several optimization formulations for Quasispecies Assembly. Then we will construct proposed data structure incorporating information about given reads and the consensus genome. Section 4 will propose solutions for Quasispecies Assemble problems based on reductions to network flows. Finally, Section 5 will describe validation of network flow approaches on E1E2 region of HCV.
